Manual cross-pollination to produce large quantities of hybrid soybean seed is difficult and time consuming. An environmentally stable sterility system is one of the necessary components to produce large quantities of hybrid seed. The objective of this study was to subject cytoplasmic male-sterile (CMS) BC5F1 plants, from a cross of a Chinese Glycine max wild-type soybean with a Chinese wild annual soybean G. soja (male parent) and controls, to a variety of different temperature and photoperiod treatments to test whether CMS is stable under various environmental conditions. Plants were grown in growth chambers under controlled temperature, photoperiod, and irradiance regimes until pod set, and then they were transferred to a glasshouse until they matured. Plants were evaluated for time of anthesis after photoperiod induction (13 h light/11 h dark) and fertility or sterility. Anther squash and pod set data showed that sterility of the CMS line was stable under all environmental conditions tested, whereas fertility-restored control plants remained fertile. Extreme environmental conditions led to delayed floral induction and/or stunted growth.
usually the greater the degree of male sterility (Shivanna nese Glycine max wild-type soybean with a Chinese wild annual and Sawhney, 1997). In contrast, plants resulting from soybean G. soja (male parent) and controls, to a variety of different cross-pollination of less-distant parental genomes (e.g., temperature and photoperiod treatments to test whether CMS is stable intraspecific crosses from geographically more similar under various environmental conditions. Plants were grown in growth regions) are more likely to be fertile. CMS also may chambers under controlled temperature, photoperiod, and irradiance occur spontaneously in a population (Shivanna and regimes until pod set, and then they were transferred to a glasshouse Sawhney, 1997) , but it does not appear as a single-point until they matured. Plants were evaluated for time of anthesis after gene mutation (Newton and Gabay-Laughnan, 1998) .
photoperiod induction (13 h light/11 h dark) and fertility or sterility. Anther squash and pod set data showed that sterility of the CMS line Also, CMS systems are susceptible to specific environwas stable under all environmental conditions tested, whereas fertilitymental changes of photoperiod and temperature, and restored control plants remained fertile. Extreme environmental conoften revert to partial or complete fertility (Janska and ditions led to delayed floral induction and/or stunted growth. Mackenzie, 1993; McVetty, 1998) .
Most CMS systems that have been investigated thoroughly involve complex mitochondrial genome re-C ytoplasmic Male Sterility is a male-sterile, materarrangements (Hanson, 1991) . The available evidence nally inherited condition in plants that usually resuggests an incompatibility between the sporophytically sults in complete male sterility while leaving female inherited organelle genomes, the mitochondria and plasfertility unimpaired. CMS has been detected in more tids, and the paternally inherited nuclear genome. This than 150 angiosperm species (Kaul, 1988) , but CMS has genetic disposition results mainly in mitochondrial dysbeen identified only a few times in soybean (Davis, 1987;  function expressed in the tapetal cells of the anther Ding et al., 1998; Gai et al., 1995; Sun et al., 1997; Zhang tissues (Wise et al., 1999) , and as a result, microsporoand Dai, 1997). The soybean CMS systems described genesis and/or microgametogenesis is disrupted. by these authors have not been exploited for commercial During plant development and growth, all quantitaseed production, although soybean is a major crop on tively variable traits are adjusted to one another and a worldwide scale and its global production is increasing are controlled by interaction of the entire system (Walannually. A functional CMS system, which would be a lace and Yan 1998). Therefore, flowering in higher major step to commercial hybrid seed production with plants is an interdependent event and interacts with all increased yield, selective increase of oil and protein other changeable genetic and environmental factors. In quality, and lessened disease and insect susceptibility, soybean, photoperiod-gene activity affects the partiwould be desirable. A major challenge associated with tioning of photosynthate between reproductive and vegdeveloping a usable CMS system is that Glycine is aletative tissues. Photoperiod and temperature modulate most exclusively self-pollinating. Usually by anthesis, the extent of expression of the photoperiod-gene activpollination and fertilization already have occurred (Fujity, and they thereby control the direction of photosynita et al., 1997). Nonetheless, outcrossing seems possible thate flow and the tendency to flower (Yan and Walin some species of Glycine, especially where increased lace, 1998). seed set has been correlated with an increased visit by
In soybean, the critical photoperiod is defined as a set of minimum and maximum photoperiod values, (Hartwig 1970 
MATERIALS AND METHODS
flowers, and pollen grains were stained with aqueous I 2 KI (iodine potassium iodide) solution to assess fertility or sterility (Jensen, 1962) . After pod set occurred on the fertility-restored Seeds of the BC5F1 CMS A-line, which resulted from an control plants, all plants, with or without pod set, were transinterspecific cross between G. max and G. soja (Sun et al., ferred to a glasshouse and observed for at least 4 wks more 1997), were obtained from Pioneer Hi-Bred International, to monitor maturation. Johnston, IA. The G. soja parent originated near 33Њ North latitude, and is approximately equivalent to a Mid IV maturity Control Conditions group (T.C. Kilen, personal communication, 1995) . The G.
Design of Growth Chamber Treatments
In each growth chamber treatment, two G. max restorer max parent is from Gongzhuling, which is around 36.5Њ North lines (PH1 and PH2) and cultivar Harosoy (treatments T7 and latitude and about 100 m above sea level, and it is approxi-T8) were grown with the CMS A-line plants. A photoperiod mately equivalent to a Mid IV-V maturity group (T.C. Kilen, regime with a minimum of 2 wks of long growing days (18 h personal communication, 1995) . Seed supply of the CMS light/6 h dark, followed by 1 wk of 16 h light/8 h dark, 1 wk A-line was limited because of the low success in making the of 14 h light/10 h dark, and a floral induction period of 13 h cross-pollinations. A greenhouse fire at the Pioneer greenlight/11 h dark) was determined optimal. This photoperiod house in Johnston, Iowa, in June 1998 resulted in loss of the regime will be designated as the basic photoperiod regime parent plants. No F 1 seeds were available for further studies.
(BPR), and any variations are indicated. The flowering inducSeeds were placed on wetted germination paper in an incution period that leads to floral initiation and anthesis is deterbator at 25Њ C in the dark for ≈3 d. Seeds from two fertilitymined genetically, and it lies within a narrow and characteristic restored proprietary lines, PH1 and PH2 (Pioneer Hi-Bred time span for each genotype. For values greater or less than International), were treated the same as the CMS A-line and this critical photoperiod, plants cannot be induced to flower served as controls. Young seedlings were transferred to black by photoperiod, but they will flower when a cumulative value plastic pots (3.84 L or 7.68 L) that contained unsterilized soil for all determinants, genetic and environmental, is reached. mix (2 parts field soil:1 part sphagnum peat:1 part sand) and
The temperature regime of 29/21 to 24ЊC has been considered pots were placed into a growth chamber.
optimal for soybean (Caviness and Fagala, 1973 ; Roberts et Irradiance inside the growth chambers ranged from 350 to al., 1996) , and was used as our basic temperature regime 1500 mol s Ϫ1 m Ϫ2 (range between heavily shaded areas and (BTR). The combination of both BPR and BTR will be reareas without any shade), depending upon the amount of ferred to as standard conditions. During the stay in the growth vegetative growth intercepting the irradiance and the distance chamber, and during the observation period in the glasshouse of plants from the source. The irradiance source was a standard (after flowering), the following data were collected: fertility 3:1 mixture of individual fluorescent and incandescent lamps.
or sterility (evaluated by staining of pollen grains with I 2 KI), Temperature settings represent the average temperature inand pod set on the mature plants. side the growth chamber as measured with minimum and maximum thermometers.
The variable experimental parameters (treatments) were
RESULTS AND DISCUSSION
photoperiod and temperature. Thirteen treatments were conThroughout all treatments (T1 to T13; 1  T5#  T6  T7  T5  T6  T4  T9  T7  T7  T8  T8  T12  T13  T8  T9  2  T 1  T 1  3  T 2  T 2  4  T10  T10  5  T 
